In order to estimate space-time spectra correctly from uneven twice-daily data sampled by a polar-orbiting satellite, the wavenumber transform method (Hayashi, 1980) is modified by the use of a nonorthogonal Fourier inversion. The space-time spectra are obtained from the time-Fourier coefficients of the space-Fourier transforms of the asynoptic field with respect to its frequency-shifted wavenumber.
Introduction
In Part I (Hayashi, 1983) , the non-orthogonal Fourier transform method (Salby, 1982 ) is simplified by transforming frequency only. In the present paper (Part II), the wavenumber transform method (Hayashi, 1980) is also modified by use of the nonorthogonal Fourier inversion in order to eliminate the aliasing errors due to uneven twice-daily data. Also, a more efficient computational scheme is given. Section 2 modifies the wavenumber transform method, while Section 3 tests the method. Summary and remarks are given in Section 4. Appendix A gives the derivation of the nonorthogonal Fourier inversion, while Appendix B exemplifies the computer code of the modified method. 1) Compute the space-Fourier trasnform (2.7) of the given asynoptic data set with respect to a specified wavenumber and frequency.
2) The space-time Fourier coefficients (2.6) are then obtained by computing the time Fourier coefficients of this space-Fourier transform with respect to the specified frequency.
3) The space-time cross spectra can be obtained from the space-time Fourier coefficients by the use of formulas given in the Appendix C of Part I.
It should be noted that day and night asynoptic data must be on the same equatorial local date (see Fig. 3a of Hayashi, 1980) rather than on the same standard date (see Fig. 2 of Hayashi, 1980) . In order to reduce leakage, the original time series data should be tapered at each end (see Section 2.6 of Part I). However, longitudinal data should not be tapered, although the data are discontinuous from one end to the other.
Test of the method

interpolation error
Since the wavenumber transform method assumes that spatial data are somehow interpolated to regular grid points, it is of importance to examine the resulting interpolation error. Table  1 shows the wavenumber (n) distribution of the amplitude of a cosine function with wavenumber m, which is linearly interpolated from 13.6 to 14 points. The correct wavenumber amplitude is 1 for n=m and 0 for n*m.
It is seen that wavenumber 4-6 are greatly distorted. It is expected, however, that a more general objective analysis scheme has less distortion than a linear interpolation.
Time spectra
Since the generalized method involves a non- Table 1 The wavenumber (n) distribution of the amplitude of a cosine function with wavenumbers m which are linearly interpolated from 13.6 to 14 points. The correct wavenumber amplitude should be 1 for n=m and 0 for n*m.
Coin putational procedure
The computational procedure of the generalized wavenumber transform method is summarized as Fig. 1 Frequency distribution of the power spectra of a cosine function (period=1.33 days) estimated from uneven twice-daily data with (upper) and without (lower) corrections for uneven time increments.
orthogonal time-Fourier inversion, time spectra given by this inversion are tested. Fig. 1 shows the time-power spectra of a cosine function (period =1.33 days) which are estimated from uneven interval time series data with increments of 18 and 6 hours (*=0.5).
These spectra are correctly estimated by the nonorthogonal inversion method with a correction for the uneven time increments. Without this correction (ordinary method) the 1.33-day period peak is aliased to a 4-day period peak, as is the case with oncedaily data.
When the input is given at the Nyquist frequency (1 day-1), it is aliased to the zero frequency even when a correction for the uneven time increments is included (not illustrated).
3.3 Space-time spectra Fig. 2 shows the wavenumber distribution (period=2 days) of the space-time power spectra of a given sinusoidal wave which are estimated from asynoptic data hypothetically sampled at regular spatial grid points at uneven time intervals of 18 and 6 hours. These spectra are correctly estimated by the wavenumber transform method with a correction for the uneven time increments (top), whereas they are aliased without this correction (middle). They are severely aliased by the ordinary method (bottom).
It turns out (not illustrated) that the aliasing Fig. 2 Wavenumber distributions (period=2 days) of the space-time power spectra of sinusoidal waves (wavenumber=3, period=2 days, westward moving) estimated from asynoptic data with time increments of 18 and 6 hours (*=0.5). The wavenumber transform methods with (top) and without (middle) a correction for uneven time increments. The ordinary method (bottom).
configurations of the generalized wavenumber transform method are identical to those (see Part I) of the generalized frequency transform method for mN=FN, provided that there is no distortion due to the spatial interpolation.
Summary and remarks
In order to estimate space-time spectra from uneven twice-daily data sampled by a polar-orbiting satellite, the wavenumber transform method of Hayashi (1980) is modified by the use of nonorthogonal Fourier inversion. The modified method is summarized as follows: 1) The space-time spectra are obtained from the time-Fourier coefficients of the space-Fourier transforms of the asynoptic field which is associated with the frequency-shifted wavenumbers.
2) The nonorthogonal Fourier series of uneven twice-daily data is inverted by splitting them into two sets of once-daily data. Their coefficients are reduced to a linear combination of the Fourier transforms of the day and night data.
3) The wavenumber-frequency aliasing configurations of the generalized wavenumber transform method are identical to those of the modified frequency transform method, provided that there is no distortion due to the spatial interpolation.
The modified wavenumber transform method is convenient when objectively analyzed satellite asynoptic data are available.
However, this method is effective only for ultralong waves, since the high wavenumber components are seriously distorted by the spatial interpolation. This method is less efficient than the frequency transform method in computing wavenumber-frequency distribution of spectra, since different space-Fourier transforms must be computed for different frequencies. However, this inefficiency is not a serious problem, since these spectra are computed for only a few wavenumbers.
Moreover, the present computational scheme is more efficient and can more easily be automated than that of the wavenumber transform method of Hayashi (1980) which must discard all the frequencies except for the tuning frequency of the frequencyshifted wavenumbers. EPS=* for twice-daily data =0 for once-daily data WA(I, J)=w(tl, *) for daytime or odd day, WD(I, J)=w(tl, *) for nighttime or even day, M=m(0 *M *NX/2), NF=*n(-N*NF*N), and F=f=*n/N for twice-daily data =* n/(2N) for once-daily data. The output argument is given by WMN=wm, *n (complex).
